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Quark mixing and CP violation

3-generation quark mixing : Cabbibo-Kobayashi-Maskawa matrix

Vud Vus Vub I'AZ/Z A Alg(p-zﬂ)
<Vcd Ves Vcb> =< -A 1-12/2 ALZ >
Via Vis Vi AL3(1-p-in) -AL2 1

Wolfenstein representation

CP violation is induced by complex phase of CKM matrix

2iVi*Vik =0jk @Vua Vo' + Vea Voo '+ Via Vs '™= 0 (kK = b)

T CP violation parameters

O 1(=P) = arg(Vea Voo I Via Vo)
¢ 2(=0) = arg(Vua Vo IVia Vo)
¢ 3(=y) = arg(Vea Veo I Vua Vi)

VeaVer*
Unitary triangle

(o]
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B-factories
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Measurement of sin2¢1

Time-dependent CP violation: d - b
Quantum interference between B°-BO° " o
mixing and B° decay to CP eigenstate.
b d
t

4 )
Acp (At) = P(@(At) — fop) — P(BY(At) — fop) — b—ces tree diagram
P(B(At) — fop) + P(BY(AL) = fer) B’—(cc) K’ “Golden mode” E
= S SinAmAt + A COSAmAt b L1
S: Mixing induced CPV parameter , C
A(=-C): Direct CPV parameter w
Am: B-B mass difference < /
: : S
. At: B-B decay time difference ) d —'—\ ;
(cc) = JIy, Y(2S), xc1, Ne...
St= & nginz (b]
E r: CP eigenvalue :
—1 for (cc)K’, +1 for (cc)K’r
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Principle of sin2®1 measurement

When (At) / Which BO (flavor) decay into CP eigenstate?

8x3.5GeV@KEKB,
Ox3.1GeV@PEP-II

Y (4S)

vertex

reconstruction KOA, Signal side B

u+

- Reconstruct B9 (beam constraint mass, energy, momentum etc.)

- Tag BO flavor (charge of decay products of accompany B9)
BO—D*|-v, BO>D*—DOr+

5 Ky

- At measurement from decay vertices
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Reconstruction of CP sample

Belle 772M BE (Preliminary)

N
‘e » Y < 3000 -
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Time-dependent CPV measurement

proper-time At distribution

At (ps)

- —e 7 g(ACOSAmAL + SSinAmAt)

Time dependent decay rate
|
4T
7 : B lifetime
Am. : B-B mass difference

- Detector resolution

smeared At distribution

At (ps)

- Non-primary tracks from companion B G(
- Kinematic approximation: Az=8 ycAt ‘<
- Failure of BO flavor tagging

At

—e 7 (1-2w)9 q( ACOSAmAt + SSINAmMmAL) QR(A¢)

ﬂavor tagging quality resolution function

— Determined using flavor specific

null-CPV control sample (BY—D®h, B'—D*] v )

23rd Rencontres de Blois Particle Physics and Cosmology, Chdteau Royal de Blois, May 31, 2011



Measurement of sin2¢1
Belle_ 772M BB (Moriond EW 2011) BABAR 465M BB (PRD 79 (2009) 072009)
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good flavor tag quality only At I(ps)
B’—(cc)K’s B°—JI"b K’y combined  B’—(cc)K’s B’—]/) K’ combined
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/O
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Measurement of sin2¢1

- Belle B°—>J/xp ) - 0671E 0.029
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¢ 3 determination

Measurements using interference between Vyp
contribution and another weak vertex.

Relative phase of B*— DK*
|D> = |D’> + rei | D>
0 = i(b 3 + 0]
(weak phase) + (strong phase)
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Several decays modes of D meson are used to determine ¢ 3
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Measurement of ¢ 3 with ADS

D. Atwood, |. Dunietz and A. Soni,

PRL/78, 3357 (1997); PRD 63, 036005 (2001)

B-—DOK- DO—K+7r -
color-allowed doubly Cabibbo-
suppressed -
W i:f :‘:S
b u u

_ c _

u—— —~—~__ u T T~ _
u u

B-—DOK- DO—K* 7 -
color-suppressed Cabibbo-allowed

u \? u \
u

wio cCi

-

= Magnitudes of interfering amplitudes are comparable
—CP violation effects are enhanced

B([K+7I'_]DK_) -+ B([K_W+]DK+)

Rpx = B(|[K—nt|pK—)+ B(|[K+*n—|pK™) A(B~ — D°K")
= IB°+Ip?+2rerp COSO COS P 3 e A(B‘HDOK_)' e

B(K*n"]pK~) — B(K~n*|pK*) , _ |AQ" —~K'm)

Apxc = BUE T IoK") — B(K~m*]pK™) ) - |A00—0r)

B([K*n~|pK~) + B([K~n"|pK™)

2rerp Sin 0 sin @ 3/Rpk
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Results of ADS method

(arXiv:1103.5951 (hep-ex))
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Results of ADS method
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- Most preéise m1easurement by Belle in D—Kmr
- BABAR attempted to use D*K and DK* as well



Measurement of ¢ 3 with GGSZ

Dalitz plot analysis using D—Ks®m+ 7 -3-body decay
A. Girl, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)

4 . _ )
Dalitz plot density: doi(m?%, m?) ~ |My|*dm3 dm?
Ma(m, m2 )2 = [fp(m3, m) + redei%sfo(m? )
Ms2 = MK+, M-2 = M Ksp?
. J

DO—KsOm +r - amplitude o : fit to flavor-tagged D*—D9m sample

(Phase term is based on model assumption

o POy BB g5 = (78 1) £4(x9
(M (Belle, DK- and/D'K- combined)

<5 (68713 +4(£3)

(

+p;10) .) BABAR, DK-, D'K- and DK™~ combined)
In(p;+0)

Y

0.2 r
01 r
0 —

-0.1 -

3rd errors are from Dalitz model
— pbecomes dominant in future

X high-statistic experiments
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Measurement of ¢ 3 with GGSZ

Binned Dalitz plot analysis : Model independent

A. Girl, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003)
A. Bondar, A. Poluektov, EPJ C 47, 347 (2006); EPJ C 55, 51 (2008)

iI=0 3
4 E
X E
| \ w

=) (GeV3ic*
N
[

N

0
S

l\‘ll rlf N N

M= = h{Ki+rgK_i+2y/ KK_i(xsci+y+si)}

m?(K
n

x4 = rgcos(dg £ ¢3) y+ = rgsin(dg £ ¢3)

mZ(K:z-) (GeV3ich

“M=*: numbers of events in D — KSW+7r_ bins from B* — DK*
_Kj: numbers of events in bins of flavor DO — 87r+7r— from D* — Dmr.

Ci, S; contain information about strong phase difference between symmetric

_ Dalitz plot points (mf(gﬂ, mf(gﬂ_) and (mf(gw_, mf(gﬂ+):
’ © ACLEO | eBelle | _

1 e reditn ¢ = (cos Adp), s;= (sinAdp)

o5t — estimated from quantum correlations

i between DO and DO in ¥ (3770)—D°DP decays
-0.5[ 3 .

A CLEO collaboration, PRD 82, 112006 (2010)
st T = No model uncertainty

C
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Measurement of ¢3 with GGSZ
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Prospects in short term

Common analysis variables for time-dependent CPV study
has been ready (At resolution, B flavor wrong tagging...)
- sin2 ¢ 1 from b—s penguin (“effective” sin2 ¢1 = sin2 ¢ 1¢f)

sin(2p") = sin(2¢;") EEXY

PRELIMINARY 006, 4 4920 ? 50ab )
b—ccs World Average g i 0.68 = 0.02 gelle UUW _ B\ SuoefKEKB(
"""" C,BaB&lI‘.—A——-026‘026003 . k {"
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Y BaBar " ool 05720085002 S New Physics
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o XCUBEBar v T P 0 S R TR D String-inspired MSSM. .}
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N Belle i B ¢ 01120462007 N 0.07 5 0.08 for B
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Prospects in short term

Common analysis variables for time-dependent CPV study
has been ready (At resolution, B flavor wrong tagging...)

- Time-dependent analysis and branching fraction
measurements of BO—mn m, BO— o pofor iso-spin relation
analysis of ¢2

- CP violation in b—ccd : BO—DO+D0-

+ -
Interpretation: ¢, constraint using isospin D D C mwmter 2009
CP PRELIMINARY

M. Gronau and D. London, PRL 65, 3381 (1990) BaBar _ |, i007:023:003
! I i |
Tmiplitade for PRD 79, 032002 (2009) / LT
A(A7) |B" By a'n Belle o *‘/' :-0.91+0.23 + 0.06
— I v 1 : ;
00 (Hlm ) BH{E“ ) — EUE“ PRL 98, 221802 (2007) |
0 _—(] s _ J : E
A4 BB )orr(rw) Average ] g -0.48 +0.17
;l’f _ eEQfo The cleanest HFAG correlated éaverage :

method to 18 16 414 42 1 08 -06 i-6.4 0.2 o 02 04 06 08
Smr = 4/ 1- A;T Sin(2¢2 + 20) extract ¢2 B
Belle observed direct CPV in BO—~D+D- decay

We use the statistical treatment of using 535MBB — How about using full data?
J. Charles et al., Eur. Phys. J. C 41, 1 (2005)
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Summary

sin2¢1 = 0.68+0.02 is measured in B-factories.

(— good reference point of Standard Model)

New technical approaches to ¢ 3 measurements using

Interference of B*—DK?* decays.

We expect soon all the results from Belle final data sample.

0-7 I T I T T T ! T T T ] T T T I T T T

0.6

has CL > 0.95

2]

=)

N
A

0.5

excluded area

0.4
1<
0.3

0.2

0.1

III|IIII|IIII|IIII|IIII|IIII|IIII

R=s
N
-
w

0.0

| fitter

ICHEP 10

: 1
(excl..at CL > 0.95)

¢

2

q)1

1 l 1 L 1 l L 1 L

= lllllllll|IllI|IIII|IIII|IIII|IIII

-0.4 -0.2 0.0 0.2 0.4

0.6 0.8 0

23rd Rencontres de Blois Particle Physics and Cos;nology,

Chdteau Royal de Blois, May 31, 2011

20



23rd Rencontres de Blois Particle Physics and Cosmology, Chdteau Royal de Blois, May 31, 2011

21



Systematic error of sin2¢1

D

/[O

Vertexing

Flavor tagging
Resolution function
Physics parameters

Fit bias

J/psiKs signal fraction
J/psiKL signal fraction
psi2sKs signal fraction
chiclKs signal fraction
Background Delta t
Tag-side interference

0S
+0.008/-0.009
+0.004/-0.003
+0.007

+0.001

+0.004

+0.002

+0.004

<0.001

<0.001

+0.002

+0.001

OA
+0.008
+0.003
$0.001
<0.001
¥0.005
$0.001
+0.000/-0.002
<0.001
<0.001
$0.001
¥0.008

Source/sample Full
Beam spot Sy 0.001
Cy 0.001
Mistag differences Sy 0.006
Cy 0.002
At resolution Sy 0.007
Cy 0.003
Jiy K} background Sy 0.006
Cy 0.001
Background fraction Sy 0.005
and CP content Cy 0.003
megs parameterization Sy 0.002
Cy 0.000
Ama, 78,ATq/T'4 Sy 0.003
Cy 0.001
Tag-side interference Sy 0.001
Cy 0.014
Fit bias Sy 0.002
(MC statistics) Cy 0.003
Total S 0.012
Cy 0.016
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sin2¢1 from b—s penguin

sin(2p") =

ft
<2¢e | LEAS

PRELIMINARY
b—ccs Warld Average 0 0682002
oK®  Average A 0.56 7019
n K Average okt 0.59 + 0.07
K K Kq Average e— | 074017
®K®  Average - 0.57 + 0.17
0°Ks  Average i o I
oKs  Average *— 0.45 = 0.24
oK Average 1 02
ke Average ] oss-0s0
ks Average  ———+——p | 020:089
° uq-KS—Averagﬁ ' -0.72 + 0.71
o’ Ks Avérage A  0.97 0%
n" n” Kq NRvérage * 0.01 + 0.33
K*K K Avérage |+ © 0.82+0.07

-16 14 12 -1 -08 -06 -04 -02 O

02 04 06 08 1 12 14 16

AS
B'— 1 'K’ 0.01+0.01
B'— O K’ 0.02+0.01
B’— w K’ 0.13+0.08
B'— p 'K ~0.08 05
B'—K'sT’ 0.07 *oos

J. Zupan, hep-ph/0707.1323

AS
B'—K*K-K's 0.03 903
B’—K’sKVsK’s 0.02 +_8'_8§
B'—K’sm/m? 0.03  *00

Hai-Yang Cheng, hep-ph/0702252

Generally, AS>0 is expected in SM

W —~
ucC, t - g ~
S5 b€ —€— S
b X, . .
g SF;’ o SR
g S
S
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Model uncertainty of ¢ 3 Dalitz analysis

TABLE VI: Estimation of the D’ — K2n™n~ decay model uncertainty.

Fit mOdel (Ar)max (A¢3)max (O) (Ad)n]ax (O)
F.=Fp=1 0.01 3.1 3.3
I'(¢*) = constant 0.02 4.7 9.0
K*(892)", p, w, K*(892)~, f0(980), K (1430), non-res.| 0.05 8.5 22.9
No o1 0.01 2.6 4.3
No o2 0.01 0.6 0.7
CLEO model 0.02 5.7 8.7
Source _ Y- x4 Y+  l Yy xl Y Ts—  Ys—  Ts+  Yst
Mass and width of Breit-Wigner’s 0.001 0.001 0.001 0.002 0.001 0.002 0.001 0.002 0.001 0.002 0.001 0.002
w7 S-wave parameterization 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.002
. K S-wave parameterization 0.001 0.004 0.003 0.008 0.001 0.006 0.002 0.004 0.003 0.002 0.003 0.007
“ Angular dependence 0.001 0.001 0.002 0.001 0.001 0.001 0.001 0.002 0.002 0.001 0.002 0.001
Blatt-Weisskopf radius 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 o0.001 0.002 0.001
Add/remove resonances 0.001 0.001 0.001 0.001 0.001 0.002 0.001 0.001 o0.001 0.001 0.001 0.002
DP efficiency 0.003 0.002 0.003 0.001 0.001 0.001 0.001 0.001 0.004 0.002 0.003 0.001
Background DP shape 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001
Mistag rate 0.003 0.003 0.002 0.001 0.001 0.001 0.001 0.001 0.003 0.003 0.001 0.001
Effect of mixing 0.003 0.001 0.003 0.001 0.001 0.001 0.001 0.001 0.003 0.001 0.003 0.001
DP complex amplitudes 0.001 0.001 0.001 0.002 0.001 0.001 0.001 0.002 0.002 0.001 0.001 0.002

Total D' decay amplitude model  0.006 0.006 0.007 0.009 0.002 0.007 0.003 0.006 0.007 0.006 0.006 0.008
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¢3: Systematic errors

Systematic errors in units 1073,

Source of uncertainty Ax_ Ay Axy Ay,
Dalitz plot efficiency 4.8 2.0 5.6 2.1
Crossfeed between bins 0.4 9.0 0.6 3.0
Signal shape 7.3 7.4 7.3 5.1
u,d,s,c continuum background 0.7 5.6 6.6 3.2
BB background 7.8 12.2 7.2 6.1
B* — Dn* background 1.2 4.2 1.9 1.9
Flavor-tagged statistics 1.5 2.7 1.7 1.9
Fit bias 3.2 5.8 3.2 5.8
Cj, S; precision 10.1 22.5 (.2 17.4
Total without ¢;,s; precision +14.0 +£194 +14.0 +11.3
Total +17.3 £29.7 +15.7 +£20.7
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